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Abstract: 
 
Wear is the removal of material from a surface by very different mechanisms such as abrasion, 
erosion, fatigue and corrosion. In the industrial sector, the cost of repairing used parts is very high; 
the solution in this case is to choose an anti-wear material. To choose an anti-wear material, the first 
factor is the identification of wear type; however, the conditions of use in the industry are complex so 
the choice of materials is difficult. 
Usually the choice of material depends on several factors such as high hardness, high resistance to 
abrasive wear and low friction coefficient. Thermal treatments are proposed in order to improve these 
properties. The objective of our work is to study the influence of heat treatment on the structure and 
abrasion resistance behavior of A105N steel. 
Samples solution treatment is carried out at a temperature of 900 °C for 2 h then quenched in water. 
Experimental techniques such as optical microscopy, SEM, EDX and abrasion wear test are used to 
highlight the effect of heat treatment on the wear resistance of the steel. 
The microstructural characterization shows that in the initial state, the structure is composed of ferrite 
and perlite, after tempering, the structure  is composed of perlite and bainite. The wear tests by 
abrasion show a clear difference on the weight losses of up to 50% following the quenching treatment. 
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1 Introduction 
 
Generally knowledge and control of the mechanical characteristics especially resistance to wear plays 
an important role in the choice of a material for industrial applications [1]. Wear of materials Wear of 
materials is defined by weight loss from a surface by very different mechanisms such as abrasion, 
erosion, as well as fatigue and corrosion [2]. The formation of debris during the movement resulting 
from weight loss and the modification of shape causes damage the piece [3].the damage of the piece 
by abrasive wear accounts for more than 50% of wear cases [4]. Therefore, this wear is a major 
problem in the field of industrial manufacturing. In this area, the cost of repairing used pieces is very 
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important; the solution is to improve the wear resistance of these pieces. Thermal treatments and 
thermo-chemical treatments are generally used to increase the service life of metal pieces. 
The objective of this work is to study the influence of heat treatment on the structure and abrasion 
resistance of steel A105N 
 
2     Materials and Experimental Techniques 
2.1  Material 
 
The material studied is an A105N carbon steel whose chemical composition according to the ASTM 
standard is presented in Table 1. 
Table 1: Chemical composition of A105N steel (wt. %) 
 
C Si Mn P S Mo Cr Ni V Cu Nb 
0.35 0.35 1.05 0.035 0.04 0.12 0.3 0.4 0.05 0.4 0.02 
 
The samples were subjected to a heat treatment of austenitisation at 900 ° C. for 2 hours followed by 
cooling with water. 
Before observation, the samples underwent mechanical polishing with abrasive papers of decreasing 
sizes: 320, 400, 600, 800, 1200 and 2400, followed by polishing with diamond paste 3μ, and an attack 
by the 2% Nital. The metallographic observation was carried out using a scanning electron microscope 
(SEM) type Zeiss EVO MA25. 
2.2 Test of abrasion wear 
 
The abrasion wear equipment used in our work is composed of several parts:  a load regulator, 
a speed regulator, sample carriers and a silicon carbide rotating disc. The parameters are: 
The weight applied to the samples is (1daN), 
The angular speed is (100 m/min) 
Abrasive paper of silicon carbide (size: 180), 
The weight loss is measured after every 100 m using an analytical balance of type KERN 
ALS 220-4N of ± 0,1mg precision. 
  
3     Results  
3.1 Microstructure 
Figure 1 illustrates the metallographic structure corresponding to steel A105N before and after heat 
treatment. 
The micrograph of the A105N steel in the initial state reveals a two-phase structure composed of two 
constituents such as ferrite and perlite, the ferrite phase grains is of acicular character. After treatment 
at 900 ° C., the structure is composed of bainite and perlite.  
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Fig.1. Microstructure of A105N steel: a) before treatment, b) after treatment 
 
3.2  Abrasion wear 
Figure 2 shows the wear histograms of the A105N steel before and after heat treatment, representing 
the loss mass as a function of the sliding distance for an effort of 1 daN.  
We observe on the histograms the existence of two parts, in the first part we find that the loss mass is 
fast in the range [0 - 300 m] for the initial state and [0 - 200 m] for steel after treatment, Then it 
increases but less rapidly in the second part up to 500m. In the first part roughness plays an important 
role, the asperities of the two surfaces interpenetrate and cause the formation of debris, with the 
increase in distance,   The roughness of the sliding surfaces decreases and the speed decreases because 
the torn wear particles have been trapped in the surface defects and forms a third body which protects 
the surface against degradation. The variation of the mass loss as a function of the distance for the 
steel before treatment presents fluctuations; therefore the lost mass is important. After the treatment, 
the mass decreases almost 50%, this is due to the high hardness of the bainite and the perlite, which 
increases the resistance to wear. 
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Fig.2. Comparative histograms showing mass loss as a function of sliding distance of A105N steel.  
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Figure 3 shows the wear Facies of the A105N steel. It is noted before treatment, damage to the steel 
shows a high level of loading, the superposition of layers is also observed. These layers are located 
at the bottom of the traces of wear and translate of severe plastic deformations repeated. 
After treatment the damage is weak and the absence of the repeated deformation is observed. 
 
 
              
 
 
4  Conclusion 
 
At the end of this study, we can summarize the main results as follows:  
 - A105N steel has in its raw state a two-phase structure composed of ferrite and 
Perlite; 
- After tempering the structure is composed of perlite and bainite;  
- The abrasion wear tests show a clear difference on the weight losses following the quenching 
treatment compared to the initial state 
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